Objective: The aim of the study was to estimate the decrease in ionizing radiation exposure dose using adaptive tube voltage, tube current parameters and individualized contrast media injection protocol compared to basic retrospectively ECG-gated CCTA protocol and to compare image quality.
Introduction
Numerous studies have shown the accuracy of coronary computed tomographic angiography (CCTA) in detecting coronary artery disease [1] [2] [3] [4] . Previously it was recommended to use the helical scanning mode with retrospective electrocardiographic gating (ECG-gating) and fixed tube voltage and tube current. However, such an approach was found to be responsible for up to 25-29 mSv effective dose to the patient [5] . It is well known that ionizing radiation exposure is related with the risk of adverse health effects, therefore it is important to reduce medical exposure doses. Presently clinical studies suggest that individualized contrast media injection protocols, tube voltage and tube current parameters could considerably reduce the dose of ionizing radiation to the patient with a comparable image quality [6] [7] [8] .
Objectives
The aim of the study was to estimate the decrease in ionizing radiation exposure dose using adaptive tube voltage, tube current parameters and individualized contrast media injection protocol compared to basic retrospectively ECG-gated CCTA protocol and to compare image quality.
Design and methods

Selection of patients
This retrospective study consisted of 30 consecutive patients who had body mass index (BMI) between 25 kg/m 2 and 30 kg/m 2 and underwent retrospectively ECG-gated CCTA. As it was reported previously lowering tube potential from 120 kV to 100 kV can reduce radiation exposure dose on average by 53% [9] . Given the expected dramatic reduction in radiation exposure (at least 50%), with a chosen power level of the test of 95% and the p < 0.01 when the average effective dose of retrospectively ECG-gated CCTA is 17.44 ± 2.45 mSv (data from CCTA division of Vilnius University Hospital Santariškiu Klinikos) we have calculated that the sample size of 4 patients in each group would suffice to reach statistical significance. Differences of other variables were deemed statistically significant when p < 0.05.
Fifteen patients (study group) were scanned with an adaptive tube potential (if body mass index (BMI) was between 25 kg/m 2 and 30 kg/m 2 , tube voltage was set to 100 kV, instead of standard tube voltage of 120 kV ), adaptive tube current and an individualized contrast media injection protocol according to patients BMI and body surface area (BSA) as previously reported [6] [7] [8] . The other 15 patients underwent basic retrospectively ECG-gated CCTA protocol (control group). Control group consisted of patients who had undergone CCTA between March of 2010 and September of 2010. Patients of the study group were scanned between October 2010 and October 2011 after implementation of adaptive tube voltage, tube current and individualized contrast media injection protocol.
Estimation of ionizing radiation dose
Effective dose which patient receives during the CCTA procedure was estimated as dose-length product (provided by the scanner) times a conversion coefficient for the chest k = 0.014 mSv/ (mGy cm) [10] .
Evaluation of image quality
Subjective image quality of each coronary artery was classified using 4 point rating scale from 3 to 0 as previously described [11] . Score 3 was assigned when image quality was excellent throughout the separate coronary artery, 2 -acceptable image quality, not compromising diagnostic vessel assessment, 1 -nondiagnostic image quality for single segments within one coronary artery, 0 -nondiagnostic image quality for multiple segments within one coronary artery.
First, the image quality score for each single coronary artery (left main coronary artery, left anterior descending coronary artery, left circumflex coronary artery, and right coronary artery) was assessed, subsequently calculating the mean image quality (MIQ) score of each patient by using the following formula:
MIQ score = (LM score + LAD score + LCX score + RCA score)/4.
For the assessment of objective image quality signal-to-noise ratio and contrast-to-noise ratio were defined. Image noise was derived from the standard deviation of the density values (in Hounsfield units) within a large region of interest in the left ventricle. The signal-to-noise ratio was defined as the ratio of the mean signal intensity divided by image noise. The contrast-to-noise ratio was defined as the difference between the mean density of the contrast-filled left ventricular chamber and the mean density of the left ventricular wall, which was divided by image noise. This method, which has been previously described [12] , is relevant for a wide range of cardiac computed tomography studies, regardless of whether or not evaluation of the coronary arteries was performed [13] .
Statistical analysis
The quantitative variables were expressed as mean ± SD and categorical variables as frequencies or percentages. The quantitative variables with normal distribution were analyzed with an unpaired t-test, otherwise we applied Mann-Whitney U test. Differences in ionizing radiation effective dose were deemed statistically significant if p < 0.01, for other variables we considered a p value of less than 0.05 to be statistically significant.
Results
Patient characteristics
The patient characteristics are summarized in Table 1 . There were no significant differences in gender distribution, body habitus (BMI and BSA) and heart rate variability between study and control groups. Dose parameters (CTDI vol and DLP) were available in the patient protocols of all CCTA examinations. Therefore, further analysis and comparison of ionizing radiation exposure doses was considered feasible and valid.
Comparison of image quality
Differences in subjective image quality and attenuation in the left ventricular chamber between study and control groups were not statistically significant (subjective image quality values are expresses as mode (first and third quartiles) -3 (2.5-3) versus 2.75 (2.75-3), p = 0.95; 407.23 ± 81.77 versus 411.63 ± 41.49, p = 0.85 respectively). However, the study group showed higher image noise and lower signal-to-noise and contrast-to-noise ratios compared to the control group ( Table 2) .
Comparison of the ionizing radiation doses of the patients
The ionizing radiation dose parameters for the study and control groups are summarized in Table 2. The mean estimated effective dose for all patients investigated using retrospectively ECGgated CCTA was 11, 91 ± 5, 90 mSv. The mean estimated effective dose was 6.39 ± 0.88 mSv for the study group and 17.44±2.45 mSv for the control group (p < 0.01) (Figure 1 ).
Discussion
Retrospectively ECG-gated computed tomography is a reliable method for the assessment of coronary anatomy and cardiac function [14] . However, inherently high radiation exposure dose received by patient during this procedure is an alarming limitation of this technique. There are several strategies to lower radiation dose in retrospectively ECG-gated computed tomography involving current tube modulation during acquisition, adapting tube potential to patients BMI and shortening craniocaudal scanning length [15] . Feasibility of low-dose CCTA with adaptive tube current and tube voltage and comparable image quality was demonstrated [16] . Also, it was shown that arterial enhancement in CCTA depends on patients cardiac output and is related to body surface area allowing reduction in amount of contrast medium required for optimal coronary enhancement [6, 17, 18] . A prospective controlled multicentre trial has confirmed that introduction of a collaborative radiation dose-reduction programme was associated with a 53% reduction in radiation dose in patients undergoing CCTA [9] . Our study revealed dramatic reduction from 17.44 mSv to 6.39 mSv (63%) in radiation dose using adaptive tube voltage, tube current parameters and individualized contrast media injection protocol compared to basic retrospectively ECG-gated CCTA protocol.
Subjective image quality was comparable between study and control groups and in average was adequate for the confident evaluation of coronary system. Despite higher mean heart rate in the study group, the variability was not significantly different between study and control groups. In the study group two patients had average heart rate higher than 63 bmp (65 bmp and 68 bmp) and one patient had average heart rate of 63 bpm. It was determined that heart rate of 63 bpm is a threshold value for prospectively ECG-gated CCTA allowing accurate anticipation of diagnostic and non-diagnostic coronary segments [16] . Image quality of the patient from the study group with a mean heart rate of 68 bpm and a mean heart rate variability of 5 bmp was assigned a score 2 only. Other two patients with a mean heart rate of 65 bmp and 63 bpm were assigned a maximum score 3.
In contrast to other studies we have not found the increase in image signal and level of enhancement in the study group compared to the control group [8, 13] . Lowering tube voltage decreases the energy and penetrating power of X-ray photons and results in increased absorbtion of photons by contrast medium with subsequent higher attenuation and higher vessel enhancement [15] . However, beneficial effects of lowering tube power are accompanied by the increase in image noise depending on patients habitus. The differences in image noise, contrast-to-noise ratio, signal-tonoise ratio between study and control groups were statistically significant. Comparable vessel enhancement and image quality with a differences in image noise could be explained by dif-ferent contrast media injection protocols. The control group underwent non-adaptive contrast medium injection protocol according to patients' body weight and this resulted in higher contrast medium volumes prescribed compared to the study group (81.33 ± 9.16 ml versus 68.67 ± 15.98 ml, p < 0.02).
Study limitations
We acknowledge several limitations of this study. The quality of the coronary images was evaluated by one observer who was aware of the scanning protocol used for particular images dataset. Subsequently we did not tested the agreement of image quality ratings between observers. However, in previous studies it was shown that coronary calcifications and coronary motion artifacts were the major causes of degradation in coronary image quality [19, 20] . Our study population consisted of out-patients with an intermediate or low risk of coronary artery disease referred for CCTA to exclude the presence of significant coronary atherosclerosis. Coronary calcifications were infrequent finding and did not altered coronary image quality. Mean heart rate was comparable between study and control groups and did not exceed 60 bpm suggesting comparable frequency of minor motion artifacts in both groups. Another important limiting factor for diagnostic CCTA is increased image noise due to the obesity [3, 19] . However our study population was pre-obese with a BMI values of 25 kg/m 2 to 30 kg/m 2 and presumably reduction of tube voltage resulted insignificant increases in image noise. On the other hand authors noticed that using adaptive scanning and contrast medium injection protocol correlation between body habitus (BMI) and coronary image quality was weak [16] . Therefore we think that bias of coronary image quality ratings by one experienced observer was rather low.
Conclusion
Despite higher image noise compared to basic retrospectively ECG-gated CCTA protocol, adaptive tube voltage, tube current parameters and individualized contrast media injection protocol allows substantial reduction in ionizing radiation dose to a patient (up to 63%) with an adequate image quality for the evaluation of coronary arteries.
